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ABSTRACT 


This thesis is an interactive wargame using an APPLE III 
microcomputer (128K configuration) programmed in UCSD PASCAL. 
It is designed as a naval task force undergoing an air attack 
and is modeled from the Air Battle Analyzer by M. C. Waddell of 


the Johns Hopkins University Applied Physics Laboratory. 
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IT. INTRODUCTION AND BACKGROUND 


A. AN INTERACTIVE COMPUTER ASSISTED WARGAME 

A wargame can be considered to be "any type of analysis or modeling 
that contains an explicit representation of two or more sides in defining 
an adversary or conflict situation.” [ Ref. 1] Military science has long 
been interested in games/gaming for their use in establishing tactical 
and strategic doctrine and the development of new and improved weapon 
systems. Low [ Ref. 1] nas proposed that "a morphological matrix can be 
constructed in three dimensions to review the field of military games in 
all its forms." Figure (1.1) is this classification matrix. The dimen- 
sions of the matrix are technique, scope, and application. From this 
matrix it 1s obvious that there are many possible combinations of tech- 
nique, scope and application in the development of different wargames. 
"Clearly, any research to be performed in gaming must be selective and 
focused on particular elements of this matrix if the effort is not to 
become untenable in its proportions." [Ref. 1] 

The air battle computer program of this thesis is an interactive 
wargame using an APPLE III microcomputer programmed in UCSD PASCAL. 
It is designed as a many on many engagement, to provide a tool for 
operations planning and evaluation, as an interactive computer wargame 
and would be located as such in Figure (1.1). This wargame also has 
training and educational applications and therefore could be easily 
integrated into a wargaming or simulation course as a teaching aid due 


to its flexibility, ease of operation and portability. 
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Figure 1.1 Gaming Classification Matrix 


The selection of the Air Battle Analyzer as a model] for this thesis 
was made because it provided a convenient format to initiate an inter- 
active wargame on a microcomputer. It is designed to be general in 
approach and provide much flexibility in the play of the game. It also 
provided a very convenient and mathematical approach that was easily 


translated into a computer program. 


B. WHY A MICROCOMPUTER? 
In the last few decades, computers and the problems to whicn they 
nave been applied have been a primary concern of both civilian and 


military communities. Computers have evolved from the UNIVAC], vintage 





1950 vacuum tube, through the transistors of the late fifties to the 
silicon chips and integrated circuits of today. New applications for 
computers are appearing everyday. Therefore, it is not surprising that 
the military establishment has diligently researched the applicability 
of the computer to its multitude of problems, e.g., guidance mechanisms 
for weapons, inventory maintenance of logistic support equipment, and 
computer wargames. 

This evolution of the computer is phenomenal. The computers of today 
are faster, more efficient, have a larger memory capacity and, all this 
notwithstanding, are cheaper to build and operate. "With every major 
advance in solid state electronics technology, you get two new products; 

a smaller version of yesterday's computer and a more powerful version of 
today's computer." [ Ref. 2 | Microcomputers today are relatively cheap 
and are becoming a very common appliance. They can be found on board the 
ships and aircraft of today's Navy. They are relatively unimposing 
machines and most are very simple to operate. With the advent of these 
machines on board our ships, it has become imperative that they be used 
constructively. 

Wargaming in the past has been conducted manually or at great expense 
on large computer facilities. Microcomputers offer a very pleasing 
alternative to the plotting and frustrating tasks of manual wargaming and 
provide a very economical alternative to the large computers. The NAVAL 
TACTICAL GAME, NAVTAG, TRAINING SYSTEM is an example of a valuable aid to 
teaching tactical doctrine through the use of an interactive microcomputer 
wargame. ihe NAVTAG system, however, consists of three microcomputers, 
three video display terminals, three mass storage devices and a printer. 


This system is designed specifically for NAVTAG. 





C. PURPOSE 
The purpose of this thesis is twofold. First, to create a prototype 
microcomputer version of the Air Battle Analyzer and second, to explore 


the capability of a standard APPLE III microcomputer. 





II. AIR BATTLE ANALYZER 


A. PURPOSE 

The Air Battle Analyzer is published by The Johns Hopkins University 
Applied Physics Laboratory. It was developed in 1963 as a "means for 
considering in an orderly and economical fashion, how a hypothetical air 
battle may progress." It is to be used “in ascertaining the effects of 
both deployment and tactical employment of various weapon systems and 


other equipment onmany different battle situations." [ Ref. 3] 


Bee UESCRIPTION, TOOLS 

The Air Battle Analyzer is used as a tool to bring into perspective 
the interactions of forces in an air battle. It is designed to provide 
a chronological display of movements and operations of the different 
units involved. The primary tool toward this goal is the plotting and 
display chart, Figure (2.1). This figure has several of the lines and 
units plotted, reflecting what the chart looks like after a battle 
scenario has been enacted. The chart is sectioned into three areas, a 
range-altitude plot, a range-azimuth plot, and a range-time plot. The 
link between the areas is the range scale, which runs along the 
horizontal axis. This common link is designed to facilitate reference 


from one plot to another. 
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Figure 2.1 
Included with the chart are several nomographs and plastic plotting 


tools that are essential for several of the numerical calculations 
involved, and that facilitate the actual plotting of lines on the dif- 


associated tools for use with the Air Battle Analyzer. 


ferent areas of the chart. 





a Mach Meter, used "for drawing aircraft range-time lines having slopes 
appropriate to the aircraft speed." Figure (2.3) is a nomograph for 


determining radar detection ranges in a clear environment. 
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Figure 2.2 Mach Meter Template (Reduced) 
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Figure 2.3 Radar Range Noimograph 





C. LAYOUT, GAMEFLOW 

To begin the analysis, all the units involved and the radar horizons 
of the fleet units are plotted on the range-azimuth area of the chart. 
On the range-time area are plotted the early parts of the attack profile, 
combat air patrol and early warning aircraft. Also needed is data con- 
cerning the performance characteristics of the units and the weapons of 
both the fleet and attack. Additionally, battle plans for both the fleet 
and attack are needed in order to stage the actual attack and subsequent 
defense. These battle plans and performance characteristics are left 
entirely to the user, but should appropriately reflect what the user de- 
sires to analyze. "The battle plans may be thought to consist of the 
orders of battle and of standard doctrine and such information as might 
be given in a pre-attack briefing." [ Ref. 3] 

The game progresses as the interactions between the different units 
begin to unfold and information is “received concerning the attack. 
These interactions are indicated by the attack profiles on the range- 
altitude chart intersecting with the radars of the fleet units. These 
interactions enable the user to make decisions concerning the use and 
deployment of his forces, provided the appropriate employment of the 
battle plans. 

The examination of the battle is completed when the user decides 
the fleet has become fully aware of the nature of the attack and has 
brought to bear any and all of the units he believes should be used in 
its defense. At this point, the analysis and "second guessing’ can be 
done to try and determine how the battle might have progressed had 
different decisions been made at certain points in the progression of 


events. 
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Pelee USERS GUIDE 


A. STARTUP, BUILDING THE DATABASE 

The Air Battle Computer model is designed to operate on an APPLE 
III microcomputer with one additional disk drive and a video monitor. 
The needed software is stored on two 5 inch floppy disks, labeled 
ABA.1 and ABA.2. The game will start automatically following these 
Simple instructions: 


i) Place disk labeled ABA.1, label up, in disk drive 1 (built in 
drive). 


ii) oo labeled ABA.2, label up, in disk drive 2 (external 
rive). 


111) Turn video monitor on. 
iv) Turn APPLE III computer on. 


The disk drives will whir audibly, and shortly thereafter the APPLE III 
PASCAL copywrite notice will appear briefly on the monitor, followed by 
two screens of very general information about certain aspects of program 
operation. It is important to note the orientation of the screen, and 
that the figures on displays are disproportionately large relative to 
the distance between units. 

The third screen presented will be the first selection menu, Figure 
(3.1). After the selection from the first menu the disk drives will 
whir briefly as program control is chained to the programs on the 
second disk. What follows will depend on the menu choice of the user. 
If option 1 was selected, a screen titled FLEET COMPOSITION will appear. 
This screen is followed by six others that present a general overview 


and specific parameters for the ships of the default database. 
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If you have played this game before, then you may be 
familiar with the default input database and/or you 
may have previously remodeled it to suit your needs. 


Please select one of the following options: 


: BUILD DATABASE; WITH REVIEW of default database. 

>; BUILD DATABASE; WITHOUT REVIEW ot default database: 
: Use the DEFAULT DATABASE parameters with NO REVIEW. 
; Use the DATABASE parameters retained FROM LAST GAME. 


=> W PY — 


Type a number from 1 to 4 : 


Figure 3.1 Menu from Intro 


Following the review of the fleet, the review of the aircraft wil] 
begin with a screen titled AIRCRAFT. The first screen describes how 
friendly aircraft are deployed, followed by two screens of specific 
parameters for deployed fighters and three screens of specifics on 
deployed early warning aircraft. These six screens are followed by 
one screen of specific parameters for each of the eighteen attack 
aircraft. Once the user becomes familiar with the format, these 
screens can be advanced quickly. If the user desires to change some 
of the parameters, these same values will be presented again during 
the process of changina the default database. 

The selection menu of Figure (3.2) follows this review of the 
default database. For the novice user it 1s recommended that selection 
1 be chosen, primarily because it does not require further manipulation 
with the database prior to seeing it, using it and becoming familiar 


with it during the game portion of the program. Thus, this selection 
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bypasses a possible detrimental aspect of the game for the novice user, 
namely, lengthy, boring and repetitious review of parameters. After the 
user has become familiar with the default database through use of the 
game he is better able to decide what aspects of it he may wish to change 
or enhance. After this selection there is a short period of disk 
activity while the default database files, located on disk number one are 
being transferred to the game database files on disk number two and the 


control is transferred to the game program. 


How do you wish to set up the players? 


: Use the default fleet/ship and aircraft database. 
: Use the default fleet and build your own aircraft. 
: Use the default aircraft and build your own fleet. 


PP W PO - 


: Build your own fleet and aircraft database. 


Type a number from 1 to 4 : 


Figure 3.2 Menu from Startem 


If the user decides to build a new database, he is given the 
opportunity to add units, delete units, or change unit parameters. 
This is done on a question and answer type basis with the program 
initiating the questions. The user is first given the opportunity 
to alter the ships’ database provided the default fleet is not used. 
For each ship, he is asked if he wishes to delete it from the database. 
If he answers negatively, he is asked if he wishes to change any of its 


Darameters. If he answers no, he is asked the same questions for the 


next ship, etc. If he answers positively to the deletion, he is 
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immediately asked the same question for the next ship. If he answers 
yes to changing a ship's parameters, he is shown each parameter for 
that ship and asked if he wishes to change it. A positive response 
then causes the program to ask him to enter the new value, a negative 
response causes the program to retain the old value. In either case, 
the program progresses to the next parameter value and the process 1s 
repeated. After all the ships in the default database have been pre- 
sented, the user is asked if he wishes to add any ships to the data- 
base. If ships are added, he is asked to enter the appropriate 
parameter values. 

When the fleet game database has been built, the user 1s given the 
same opportunity to add, delete, or change parameter values of the 
attacking aircraft. The screen and questioning format for changing the 


attack aircraft 1s the same as that for the fleet units. 


B. PLAYING THE GAME 
The first graphic display, Figure (3.3) is the next screen presented 
to the user. This display simply introduces the shapes that will be 
seen on the displays of the fleet and attack. The figure for the fighter 
aircraft is used on both the fleet display and the attack display; however, 
the attack display is separate and the user has the option of viewing it. 
Next the user is asked if he desires the computer to step through the 
game at a specified time step. It is recommended that this be answered 
NO. The program then begins to check for any radar contacts. This re- 
quires scanning the linked lists several times, which for the first few 


time steps causes a rather lengthy pause in visual activity. 





Presented below are the figures that 
will be used in the graphic displays 


The actual position of the unit shown 
will be the upper left point of figure. 


SHIPS ATRCRAFT 
FIGHTER AEW 


i wad 


RADAR CONTACTS 
AEW FIRE CNTRL AIR INTCPT Sr OREM 


im x + © 


Figure 3.3 Figures Used in Graphics 


During this pause the program provides a visual indication. that it 
is still operating. The first display of the fleet is then presented 
with the center of the screen cluttered with several units drawn on 
top of each other. Along the top of the screen appears: 
U(pscale / D(ownscale /  R(ecenter 
Along the bottom of the screen are a variable length line which por- 
trays 10 nautical miles on the screen scale, and below that: 
C(ontinue Time : Xxx 
The time is the current game time, in minutes. By pressing "D" or “U", 
the user can downscale or upscale the display. A few downscales at 
this point will begin to display the units on a less cluttered scale. 


The user can recenter the display on any unit by typing "R" and the 


‘The symbol "=>" is printed diagonally across the screen from the 
upper left corner of the screen. 
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number of the unit. A unit may not appear on the screen due to the 
scale and the X-Y values of the screen center. The user enters "C" 
when he is familiar with this view of the force layout and is ready 
to continue the program. The user is then asked if he wishes to see 
the attack; if so, it is displayed in the same fashion as the fleet. 
Figures (3.4) and (3.5) are examples of the screen display of the 
fleet. Figure (3.4) exhibits the initial display, downscaled a few 
times, and Figure (3.5) exhibits a later display with several radar 


contacts and other game consequences. 


U(pscale / Dfownscale / Rfecenter 


“ * 


3 
whe 





{-------- ==> 10 NM gly 


C(ontinue Time : 0 


Figure 3.4 Initial Fleet Display 
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[-------- > ==> 10 NM 
C(ontinue Time : 90 


Figure 3.5 Later Fleet Display 


The next presentation is the menu for selecting status reports, 
Figure (3.6). These reports are amplifying information about the 
fleet display. For example, the fighter/interceptor report contains 
the unit number corresponding to the number on the graphic display, 
and the aircraft's coordinate position, position relative to the 
carrier, heading/course, velocity, the remaining minutes of endurance 
and the number of missiles remaining. The early warning aircraft 
report has exactly the same layout and information as the fighter/ 
interceptor with the exception AEW aircraft do not carry missiles. The 


ship report indicates the unit number, ship type, coordinate position, 
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Please select an option according to which status 
of forces report you wish to peruse. 


lm “Ships. 

2 : Fighter / interceptor. 
Seeagiy Warming @ircrat t. 
4 : Radar contacts. 


OS Tivo lise 
NOTE :: COORDINATE POSITIONS are SCALED : 1 = 10 NM. 
After your selection you will be presented with 
specifics and status information concerning your 
selection. You will then be returned to this 


menu where you may make another selection or 
repeat a previous selection. 


Figure 3.6 Status Reports Menu 


course and speed, the number of long and short range missiles still 
onboard, and the number of missile hits and bomb hits. The radar re- 
port contains the contact number, coordinate position, the contacting 
radar type, contacting unit's number, and if the contact has been 
killed on this step. 

After studying these reports, the user is presented the oppor- 
tunity to redeploy or move the friendly units. The next menu, Figure 
(3.7), allows the user to specify now the friendly units are to move 
during the next time step. The selections allow the user to launch an 
aircraft by selecting aircraft type, and entering the desired heading, 
velocity and altitude. The user can initiate the recovery of an air- 
craft. For example, if a fighter was out of missiles, or was getting 
"low" in endurance, by selecting ‘recover a fighter’ the airborne 


fighters' unit numbers and positions relative to the carrier are 
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Please choose your desired course of action : 


: Move a fighter/interceptor. 

: Launch a fighter/interceptor. 

: Recover a fighter/interceptor. 

: Move an AEW aircraft. 

: Launch an AEW aircraft. 

: Recover an AEW aircraft. 

: Move/manuever an individual ship. 
: Alter the PIM / SOA of the fleet. 


: Review the display of forces. 
: Review the status of forces. 


eOusies 


YMO Om™A MH WMH — 


ym) 


After your selection, you will be asked for specifics 
about your selection, then you will be returned to 
this menu where you may make another selection, repeat 
a selection for another aircraft/ship or stop. 


Figure 3.7 Nextevents Menu 


presented individually. For each aircraft, the user is asked if he 
wishes it recovered. He simply answers yes for the aircraft he wishes 
to recover; if he answers no to each fighter, then the program returns 
to the selection menu. When a recovery is initiated, the program 
directs the aircraft towards the carrier. When the "recovered" air- 
craft gets within five nautical miles of the carrier, an"instant 
landing" is performed. The user can alter the heading, velocity or 
altitude of an airborne aircraft or he can change the course and speed 
of the fleet or of an individual ship of the fleet. He can also review 
the force displays or status reports from this menu. 

After making all desired changes, the user is shown the current 
game time, the default game end time, and is asked if ne wishes to stop 


the program. [If the program is not stopped, he is asked to enter the 
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next time step length. Time steps do not have to be equal in length or 
any specified minimum or maximum length. However, if a step of greater 
than 60 minutes is entered, the program asks the user to verify the 
entry. The time step must be entered in minutes. After this entry, 
the entire game process is then repeated and the user wiil see the 

Same visual indications of program activity while the program checks 
for radar contacts. This is followed by the next display of the fleet. 
If any movements were ordered from the event menu, the units will be 
displayed at appropriate relative positions, and any radar contacts, if 
made, will also be displayed. 

The program operates on a time step structure. This is important 
to note because all calculations are performed at the end of each time 
Step. The time step increment is supplied by the user. No calculations 
are made for interactions that would have occurred between time steps. 
Therefore, when interactions between the forces have begun, it is 
recommended that time steps of no more than 5 minutes be used. Using 


the default database, the first radar contacts are made after approximately 
30 game minutes and interactions will begin after approximately 45 game 


minutes. 
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IV. AIR BATTLE COMPUTER MODEL 


“Programs that use procedures well are generally 

far easier to read, easier to understand, easier 

to change, and easier to get working." |Ref. 4, 

po. 90 
A. INTRODUCTION 

This chapter and the next explain the program execution. This 

chapter is written in four sections. The first will list and explain 
the assumptions and give a brief overview of the program. The next 
states a few arguments for the programming language choice. This is 
followed by a description of the disks and the files residing on them. 


The last section explains the organization and creation of the database, 


including how the default database is formed and altered. 


B. GENERAL PROGRAM OPERATION 
1. Assumptions of the Program 

This program was designed to be as similar to the Air Battle 
Analyzer as possible; however, there were several simplifying assump- 
tions that were required. Some of these assumptions were necessitated 
by memory space limitations in the actual game portion of the program, 
as written for the APPLE III. The assumptions are; 

1) default database used, 

ii) one-sided play, 

iii) radar detections and missile firings, 


iv) cartesian coordinate system, 
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v) instantaneous manuevers, 

vi) time step processing. 

The following paragraphs briefly describe each assumption. 

A default database has been supplied with the program. This 
was done to allow the novice player to use the program immediately, 
without a lot of foreplanning concerning characteristics and battle 
plans. The more experienced player can easily change this database. 
By altering the database, the player can see the differences these 
changes make in the outcome of the game. 

The attack battle plan is written into the program, i.e., 
the attack performs only preplanned® manuevers. This was done in 
order to hasten the play of the game as well as to keep it simple 
for the user. This allows the user to concentrate on the fleet's 
battle plan without the distraction of assuring the attack follows 
his plan. Also, this frees the user to experiment with many battle 
plans against a common attack profile. 

The default attack force consists of eighteen aircraft located 
approximately 500 NM East of the fleet. The force is formed in six 
wings of three aircraft. All of the attack aircraft begin the game on 
a heading of 270. The first three aircraft begin at 20,000 feet alti- 
tude and the rest are at 10,000 feet. The first three and the last 


Six aircraft begin the game at 350 knots and the remaining aircraft 


These manuevers are preplanned in the sense that they occur 
after certain time periods. The attack "flight" profiles may change 
from game to game because of different attack databases or different 
time step lengths used throughout the game. 
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start at 400 knots. As the game time exceeds multiples of 20 minutes, 
each aircraft's heading is altered towards the carrier. When the first 
aircraft gets within 200 NM of the carrier the altitude of each air- 
craft 1s changed to 200 feet. When the game time exceeds 120 minutes 
the remaining aircraft begin their retreat at 10,000 feet, heading 090 
at 450 knots. 

The attack profile portion of the program is contained in the 
ATKUPDATE procedure which resides on the Thesis3b file. This profile is 
programmed in a way that should be easy to change. Most of the parameters 
that are necessary to create the profile are written as constants in the 
declarations section of the game program, residing on file Thesis3. 
Further detail on this procedure can be found in Chapter 5, with 
possibilities of expansion discussed in Chapter 6. 

Radar detection of an attack aircraft occurs when it comes within 
a certain finite range of the friendly unit. That range is the lesser of 
the maximum radar range or the radar horizon, a function of the aircraft(s} 
altitude. In order for a unit, attack or friendly, to fire a missile or 
drop a bomb, the unit must have an available missile (bomb) and the 
target must be within minimum and maximum missile range. For air inter- 
cept radars, air-to-air missiles, and air-to-surface missiles, the target 
must also be within the detection/firing envelope. 

The playing area is an X-Y cartesian coordinate type layout, with 
positioning of aircraft and ships referenced to their X-Y positions and 
altitudes. The X-Y axes are measured in nautical miles and altitudes are 
measured in feet. Altitude changes, and turns are done instantaneously 


rather than gradually over some time and distance. 
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The game portion of the program uses a time step structure 
vice a next event structure. This method was chosen because it allows 
the operator to increment the battle scenario at a pace of his own 
choice. Also, this structure provided a more convenient approach to 
the interactive aspect of the program. A combination time step, next 
event structure would provide a more realistic methodology; however, 
this project's completion date necessitated the strict time step 
approach. The major drawback to this approach is that all interac- 
tions between the fleet and the attack are done at each time increment. 
This necessarily implies that a lengthy time step, once interactions 
between the opposing forces have begun, might cause a missed interaction, 
when in fact one certainly would have occurred. 

2. Program Operation, Primary Chain 

The Air Battle computer program is composed of four distinct 
operational units that are chained together such that program flow 
passes from one logical stage of operation to another. The four units 
are depicted in Figure (4.1) in a simple flow diagram. These units 
are actually four distinct, separately compiled, program codefiles. 

The APPLE library unit CHAINSTUFF was used as a mechanism for the 
chaining of the programs. The chaining is accomplished by declaring, 

at the start of the current program, the filename of the program codefile 
that is to be executed when the current program concludes. 

CHAINSTUFF also provides a construct that allows a string 
variable to be passed between the programs, thus permitting a very 
convenient structure to allow information obtained in one Drogram to 


be referenced in the next. 
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Intro 
(ThesisO) 
"Turnkey" 


Startem 
(Thesis1) 


Changem 
(Thesis2) 


Abagame 
(Thesis3) 





Figure 4.1 Program Chain 


This mechanism is of primary importance in the sequence 
control of an interactive computer program, 1.e., how the user 
directs the sequence of program operations. The "dialogue" or 
sequence of exchanges between the user and the program is the user's 
tool for this control. Ramsey and Atwood [ Ref. 5 | identify eight 
general dialogue types, of which this program uses two that require 
little or no training: 

i) question and answer, 

ii) menu selection. 

These two choices, specifically the first, affect other as- 
pects of an interactive computer program, namely the data entry. 


Further detail on this area of the program will be discussed in the 


Section on building the database. 
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3. Individual Programs, Briefly 


Intro (file ThesisO), the "turnkey" program, is a short 
initialization program that presents the user introductory informa- 
tion pertaining to the operation of the program. It also provides 
a notification of certain aspects of the program execution. It con- 
tains the initial option selection menu as well. From this selection, 
control passes to one of the other three programs. 

Startem (file Thesis]) is executed unless the fourth option 
(use last game's database) is selected from Intro. This program 
presents the parameters established in the default database. After 
the review, the next selection menu is presented to allow the user to 
select which of the main areas of the default database he may wish to 
change or retain. The option selected from this menu determines what 
is done in Changem (file Thesis2), the program that builds the game 
database. 

Changem is the program in which the user is presented the 
opportunity to add or delete units, or change parameters of the units 
in the fleet or attack. The user first is asked if he wishes to re- 
tain a unit; if ne chooses to do so, he then is asked if he wishes 
to change any of its parameters. If he answers positively to this, 
he is presented with each of the parameters individually and asked 
if he wishes to change it; if so, he is asked to enter the new value. 

Abagame (file Thesis3) is the actual game program. This pro- 
gram reads the game database built in Changem and forms linked lists 
of the records, separating the aircraft records into an "attack" list 


and an "air" list. It forms and displays the graphic figures, then 
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goes into a loop for the manipulations of the game for each time 


step. 


C. THE LANGUAGE, PASCAL 
"The idea of separating a program into general procedural 
units that operate on data, and then establishing communi- 
cation between the units by passing data structures back 
and forth is the essence of good computer programming. A 
language like PASCAL gives you a good opportunity to de- 
velop this strategm since PASCAL provides both procedural 
subunits and a Jarge assortment of data structuring techniques." 
[Ref. 4, p. 274] 

PASCAL was chosen as the programming language for several reasons. 
First, the languages the APPLE III computer supports limited the choice 
to either BASIC or PASCAL. Second, the expected length of the program 
necessitated a choice that would provide a document that could be 
easily read and easily changed. Third, the general nature of PASCAL 
provides a natural top-down structuring of a program. 

Primarily PASCAL is much easier to read and understand than BASIC. 
This 1s important if a program may be changed at a future time, by 
either the original or some other author. PASCAL is much better 
Suited to lengthy programs than BASIC due to the procedural subunits 
available and the ease in which a program is broken down into those 
units. PASCAL naturally eases the programmer into top-down development 
techniques. 

There are several aspects of APPLE III PASCAL that lend themselves 
to the memory space problems, some positively, some negatively. One 
option of the APPLE III PASCAL system seemed to have very promising 


attributes to thememory space problem. The reference manuals indicate 


the system allows the program to control what library units will be 





"loaded" into the computer memory by the compiler options "NOLOAD" and 
"RESIDENT". Without these options, all library units “used" by the 
program are loaded into memory at the start of execution, thus reducing 
memory available for the program. However, with these options, the 
program is supposed to be able to control when a unit is "loaded" into 
memory, thus a unit can be "resident" only when it is needed and not 
resident otherwise. fhe author was able to get this option working 
for all but the graphics unit, PGRAPH. Therefore, unfortunately, it 
was not included in the program. 

Another APPLE III PASCAL characteristic that is similar to the 
"noload" option iS program segmentation. A program can use 15 seg- 
mented procedures, which are loaded into memory only when they are 
active. This aspect was used in the Abagame program, and indeed was 
essential. 

Still another area of UCSD PASCAL that suggested flexibility with 
memory space allocation was the use and reuse of memory for dynamic 
linked lists. However, the method the APPLE III uses is not as 
flexible and therefore was not as useful as was hoped. The computer 
does not "dispose" of deleted records on an individual basis but 
rather they are "disposed" in a block of consecutively linked records. 
This aspect was indeed useful, but it was not as flexible as one that 
would allow the reuse of memory space occupied by a single dynamic 


variable after "disposal". 


eee ILE DESCRIPTIONS, DISK ORGANIZATION, EXECUTION TIME 
ie Boot Disk, ABA. 1 
Included on the Boot Disk are all the files needed to boot the 
APPLE III's Sophisticated Operating System (SOS) files, sos.kernel, 
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sos.interp, and sos.driver as well as the PASCAL files system.pascal 
and system.miscinfo. These five files are needed to boot the PASCAL 
system. The only drivers supported in the sos.driver file are the 
CONSOLE and GRAPHICS drivers. Memory space limitations in the game 
portion of the program were the reason no other drivers were supported 
in the sos.driver files. These five files occupy 165 blocks on the 
disk. Additionally, the system. library codefile, the system.startup 
codefile and the default database reside on the Boot disk. 

The system.library occupies 70 blocks and contains the APPLE 
library units, APPLESTUFF, CHAINSTUFF, LONGINTIO, PASCALIO, REALMODES, 
TRANSCEND, and PGRAPH. The system.library also contains the unit 
THESISTUFF, in which reside several procedures designed specifically 
for use in each of the Air Battle Analyzer programs. The type declara- 
tions needed in each of the programs are also in the Thesistuff unit. 
READINT and a slightly modified version of it, READREAL, were obtained 
in an article written by Edward Heyman [ Ref. 6]. The system.startup 
codefiie is the name given to the codefile of the ThesisO text file.° 
This is the short introductory program with the first option selection 
menu. This file occupies 8 blocks on the disk. The last two files on 
the boot disk are the files containing the default database, together 
they occupy 5 biocks. 

2. Second Disk, ABA.2 


The files residing on the second disk are the last three of the 


program codefiles, Thesis], Thesis2, Thesis3, and the Thesis3.lib(rary) 


“This is a naming convention on the APPLE III for a "turnkey" program, 
a program that executes immediately after the system is booted up. 
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occupying 17, 25, 43, and 11 blocks respectively. As explained 
earlier, Thesis] 1s the codefile for the STARTEM program, Thesis2 
is the codefile for CHANGEM and Thesis3 the codefile for ABAGAME. 
Also residing on this disk are the game database files created in 
the CHANGEM program, and the "“outfile" database files that are 
created in ABAGAME. These four database files will have varying 
lengths, depending on the changes instituted in CHANGEM and the 
actual play of the game. 

There are three units, MAKEFORMS, GRAFSTUFF, and BEARINGS 
on the Thesis3.]ibrary file. MAKEFORMS forms the packed arrays that 
represent the forms shown in the graphic displays. GRAFSTUFF has 
the UPSCALE, DOWNSCALE, and RECENTER procedures used in the graphic 
displays. BEARINGS has the procedures that get distances between two 
coordinate positions, DISTANCE; bearing from one position to another, 
DEGREES; and a new coordinate position after a time step has occurred, 
GETNEWXY. 

3. Playing Time 

This program can be executed in two stages; 

1) review and build a database, 

ii) and piay the game. 
To do a thorough job of each entails about 30 to 45 minutes per staqe. 
When a user builds a database, it is retained on the second disx as 
game database files. These files are not altered by the game program. 
Therefore, this game database can be used as often as desired. for 
each separate game, the player can simply alter his deployment of 


forces and/or change time step lengths to view a new battle unfold. 
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With each execution, of course, the user becomes more famiilar with 
the required key strokes necessary to accomplish his goals and thus 
the playing time decreases. Likewise, after building a few databases 
for the game, the user again becomes familiar with the key strokes 


required and thus can accomplish the first portion in less time. 


E. ORGANIZATION AND CREATION OF THE DATABASE 
1. Filemaker and the Default Database 
Figures (4.2) and (4.3) illustrate the record types used in 
the program; Figure (4.2) is the ship record and Figure (4.3) is the 
aircraft record. These figures illustrate the variables contained in 
each record, the range of each variable, and the meaning of ambiguous 
variable names. Note that the aircraft record 1s a multiple nested 


variant record. An aircraft can be an "enemy" or "frend" and if it 


is a "frend", it can be either "“intcpt" (interceptor/fighter) or "aew 
(early warning aircraft). 

Filemaker is the program that creates the default database by 
Initializing the variables in each record. This program defines the 
number and types of units involved and then assigns parameter values 
to each unit. If a new default database is desired, the program 
Filemaker can be used to form it. The user would need to edit the 
text version of Filemaker and change whatever aspect of the file is 
desired. After saving this textfile, he would need to recompile the 


new Filemaker text and then execute the complied code to create the 


new default database files. The filenames of the default database are 


SHIPINFILE and AIRINFILE. The parameter values assigned to the units 
In the default database exhibit a close resemblance to the parametric 


values suggested in the manual game's example. 
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Ship = record 


link 
class 
num 
Xpos 
ypos 
pim 
soa 
ferng 


srpmk 
srmin 
srmax 
Trmin 


mhits 
bhits 
sunk 


link : shipntr; 
class : shiptype; 
num Ogee oo 
xpos : real ; 
ypos : real ; 
Dim 290. .309% 
soa ; O50; 
FeGngw: 0. .255; 
ssrng : 0..255; 
Imsam = 0.2255: 
srpsam : 0.22552 
Irmpk : real : 
srmpk : real : 
Simei: Ol. ec oor 
srmax : 0..255; 
Irmin : 0..255; 
Imax: 02.255: 
(Mess ceeUlas COO: 
DOMES sae. coo. 
sunk : boolean; 
end; 


Variable Meanings: 


: A pointer variable used in the linked lists. 
: A program defined type (cv, dest, crsr). 

: The unit number, assigned in Abagame. 

;: The X coordinate position of the unit. 

;: The Y coordinate position of the unit. 

> Course/Heading of the unit. 

: Speed of the unit. 

: Fire control radar maximum range. 

Sistin Gare 
Irsam : 
srsam : 
Irmpk : 
: Short range missiles’ probability of kill. 

: Short range missile minimum target distance. 
: Snort range missile maximum target distance. 
: Long range missile minimum target distance. 
Irmax : 


Ship search radar maximum range. 

Number of long range SAM's. 

Number of short range SAM's. 

Long range missiles’ probability of kill. 


Long range missile maximum target distance. 


: Number of missile nits endured. 
: Number of bomb hits endured. 
: True if (mhits + bhits) 


T a program constant. 


Figure 4.2 Snip Record 
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aircraft = record 


link eS inpMictes 
num ; 0.2255); 
xpos > real 3 
ypos 2 hed ii 
alt >: 0..30000; 
azmth 20.500; 
velcty : 0..2000; 
ait ifftype; 
case ifftype of 
enemy : 
asm ee esc he 
asmrng : 0..255; 
asmenv : 0..359; 
asmpk =: real ; 
bomb sa errs |e 
re bombpk : real ie 


acfrnd : frndtype; 
case frndtype of 


intcpt 
( intndr : 0..255; 

atrng  : 0..255; 
ajenv : 0..359; 
aam eo ae 
aamrng : 0..255; 
aamenv : 0..359; 
aampk : real); 

aew 
aewndr : 0..255 ; 
aewrng : 0..255 )); 

end; record 


Vartable Meanings: 


Tink 
num 
xpos 
ypos 
alt 
azmth 


ir 
asm 
asmrng 
asmenv 
asmpk 
bomb 


acfrnd 
intndr 
airng 
aienv 
aam 
aamrng 
aamenv 
aampk 


: A pointer variable used in the linked lists. 
: The unit number, assigned in Abagame. 
: The X coordinate dosition of the unit. 
: The Y coordinate position of the unit. 
>: Altitude of theunit. 

: Course/Heading of the unit. 

velcty : 


Ground speed of the unit. 


: A program defined type (enemy, frend). 

: Number of Air-to-Surface missiles. 

: Air-to-Surface missile range. 

> Air-to-Surface missile firing envelope. 

: Air-to-Surface missile orobability of kill. 
: Number of bombs 

bombpk : 


Bombs’ probability of kill. 


: A program defined type (intcpt, aew). 

: [nterceptors' airborne endurance. 

> Air intercept radar maximum ranqe. 

: Air intercept radar detection envelope. 
: Number of Air-to-Air missiles. 

: Air-to-Air missile range. 

>: Air-to-Air missile firing envelope. 

: Air-to-Air missile probability of kill. 
aawndr : 
aewrng : 


Early warning aircraft airborne endurance. 
Early warning radar maximum range. 


Figure 4.3 Aircraft Record 
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2. Organization and Format 


As mentioned earlier, Startem is the program in which the 
default database is presented, and Changem is the program in which 
the default database is used to form the game database. Figure (4.4) 
is a partial flow chart for Startem, where the entry flow path is de- 
termined by the selection from the first menu. The next selection 
menu provides a more detailed selection of how the game database is 
to be formed. This is done in the GAMECHOICES procedure. Figure (4.5) 
is a general flow chart for Changem, where the entry flow path is de- 
termined by the selection from the second menu. Notice it is not 
always necessary to pass through all the programs. From Intro it is 
possible to bypass most of Startem or to bypass Startem and Changem. 
Further, it is possible to bypass Changem from Startem. Actually, 
the only time a program is entirely skipped is when the operator 
chooses to play with a previously establisned database, thus 
skipping Startem and Changem. 

3. Startem, Thesisl 

The primary purpose of this program is to present the parameters 
of the default database; therefore, the largest portion of this program 
does just that. However, the entire program is executed, i.e., the de- 
fault database is reviewed only if the first option, ‘build a database 
with review’, is selected from the menu in Intro. If the third option, 
‘use default database’, is selected, this program simply transfers the 
default database files to the game database files. If the second option, 


‘build database, no review', is selected, this program presents the second 
selection menu, which provides a detailed selection of how the game database 


is to be built. 
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menu selection from INTRO 


Build Build Default 
Database Database Database 
WITH review NO review NO review 


cal] “) CHAIN 
DEFAULTFORCES TO 
ABAGAME 
o CALL GAMECHOICES 


1 2 3 4 
\ 
DEFAULT BUILD AIR SLED) (Seley BUILD ALL 
-> choice -> choice -> choice -> choice 


call call 
SHIPTRANSFER SHIPTRANSFER 


Database 
from 


LAST GAME 









x 


call 
AIRTRANSFER 


cal] 
AIRTRANSFER 


CHAIN TQ CHANGEM 


Figure 4.4 Startem Flowchart 
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GAMECHOICE menu selection from STARTEM 





] * 
DEFAULT BUILD AIR BUTEDVREEET BUILD ALL 












cal] 
FLEETBUILD 


call 
PEER TeUleD 





call 
AIRCRAFTBUILD 


call 
AIRCRAFTBUILD 


CHAIN to ABAGAME 


Figure 4.5 Changem Flowchart 


The methodology of the review is similar to the chaining of the 
programs, except that this 1s from an individual program level. The 
main program calls the first procedure which starts a chain through four 
procedures. The order of presentation of the default database 1s; 


i) A general overview of the ships, including aircraft on the 
carrier, type and number of missiles, and type of radars. 


ii) A review of the Surface-to-Air missile parameters, and the 
Ships’ radar maximum ranges. 


iii) A review of each ship's parameters, including position, 
course, and speed. 


iv) A general overview of the aircraft involved and how they 
are deployed. 
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v) A review of individual aircraft parameters including 
position, altitude, course, groundspeed, armament, type 
radars, etc. Only airborne aircraft are listed in this 
review. 


4. Changem, Thesis2 

As indicated in Figure (4.5), Changem is where the game data- 
base is built. The presentation of the variables available for alter- 
ation is done in the same order as it was in Startem. If choice four, 
‘build fleet and aircraft', was selected from the second menu, then the 
ordering is virtually identical; otherwise, there is some distortion of 
the ordering. 

"Careful attention to the way the user sees a program - 
the so-called ‘user interface’ - ... makes the difference 
between programs that are friendly, forgiving, conversa- 
tional, and humane and others that are hostile, rigid, 
obscure, and machine-like." [ Ref. 4, p. 138 

There has evolved recently some general ideas as to the nature 
of interactive computer models, and how they should be designed with 
Becspect to the user. [Ref. 7| several oF these ideas, specifically 
feedback, consistency and simplicity, and how they have been incorporated 
in Changem are discussed below. 

The user needs to be provided feedback for his actions. [t is 
natural for the user to need to know that his actions have been under- 
stood and accepted. This feedback should be obvious and displayed wnere 
the user expects to see it. Changem echoes all user inputs on the screen 
directly left of where the cue to enter has occurred. 

This presents another point, consistency. The user should not 


be required to guess where the cues will appear or where his feedback 


will occur. This consistency should be carried over from one aspect of 
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a program's operation to the next. This idea is evident throughout 
the program where a response to a program generated question is 
required. 

Simplicity. The simpler a program is to use the more it will 
be used. This also allows the more inexperienced user to use it 
correctly, competently and constructively. 

As mentioned earlier, a primary concern of an interactive 
computer program is the data entry. Toward this end Changem and all 
other parts of the "whole" program use a consistent data entry process. 
In each instance the following sequence of steps occur: 

i) prompt, 

ii) provide feedback, 

iii) perform error check, 

iv) accept data entry. 

A prompt is provided for each data entry. It is always as brief 
and as specific as possible. If the entry is to change a default value, 
this value is presented. If there is a length limit, the length of the 
entry 1s indicated by an underline of appropriate length. On entering 
the data, whether it is a Yes/No response or a numerical data entry, 
feedback is presented, immediately to the left of the prompt line. 

An error check of the entry is performed. If the entry re- 
quires a single key stroke, as in answering a Yes/No question, then 
for an illegal response the entry is not accepted and the user is asked 


to reenter the response via an error message that again reflects what 


tone aspect of program consistency was altered in the graphic displays. 
The method of continuing the program was purposely altered to a dirferent 
aa stroke than found elsewhere. An explanation follows in Cnapter 5, 
agame. 
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is expected. If the entry is to be numerical, as in changing the X 
position of a unit, the program accepts only digits and characters 
acceptable in numbers; it will not accept anything else, ji.e., it will 
accept a "t+" or "-" as the first character and if the entry is a real 


number, a "." 1s accepted. If an integer value is expected, the "." 


will not.be accepted anywhere. in the entry. 
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VY.  ABAGAME, THESIS3 — 


A. INTRODUCTION 
This chapter explains the game portion of the program. It 


describes the main program and each of the major procedures. 


B. MAIN PROGRAM 

Figure (5.1) is a flow diagram for the main program of Abagame. 
When this program is called the game database has been built, either 
in a previous session or in the Changem program. Abagame first calls 
the procedures INITIALIZE and DOAIRLISTS which form the linked lists 
from the game database, and then SHOWFORMS is called which presents a 
display of the forms used in the graphic displays. The program then 
asks the user whether he wishes to have the computer step through the 
game at a fixed time step. If so, the program will not call the 
SHOWSTATUS, NEXTEVENTS or NEXTSTEP procedures while all other aspects 
of the program are identical. 

Abagame then begins the loop that repeats each of the following 
procedures until the "game time" is greater than the default "endtime” 
of 160 minutes or the user tells the program to stop in NEXTSTEP. The 
first procedures called are AiRADARCNTC and SHIPRADARCNTC, which 
determine if any of the fleet units have any radar contacts. Then 
DISPLAGAME is called and presents the graphic displays of the fleet and 
the attack. SHOWSTATUS is called next and presents status intormation 


on the fleet units. The procedures NEXTEVENTS and SELECTOR, discussed 
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here as a single entity are called next. They allow the user to 
selectively alter the headings and speeds of friendly units. NEXTSTEP 
is called which allows the user to stop the program or continue with a 
time step of his choice. The program time is then updated according 

to the new time step. GETKILLS, the procedure which eliminates the 
"killed" enemy aircraft or "sunk" ships, is called next. The last 
procedures called in the loop are FLTUPDATE and ATKUPDATE. These two 
procedures update the fleet and attack positions according to the time 
Step and the headings and speeds of the units. When the loop is exited, 
the program calls MAKEOUTFILE which creates “outfiles" of the surviving 


aircraft and ships. 


C. INITIALIZE, DOAIRLISTS, SHOWFORMS 

The procedures INITIALIZE and DOAIRLISTS are very similar. They 
form the linked lists that are used in the remainder of Abagame. 
Initialize is called first. It initializes the boolean variable "stop" 
to false, and the game time to zero. The SHIPDATA file is read from 
the game database and each record is assigned a sequential number and 
placed in the ship linked list. Also, the carrier's X and Y coordinates 
are noted. The carrier's position is referenced often throughout the 
program. DOAIRLISTS reads the AIRDATA file from the game database and 
according to whether the aircraft is an "enemy" or "frend" assigns it 
to the "atk" list or "air" list. The attack aircraft are assigned 
sequential numbers beginning at one. Since the displays are divided 
into attack and fleet, and the fleet consists of ships and friendly 
aircraft, the friendly aircraft need to be assigned non-conflicting 


numbers with the ships. Therefore, the friendly aircraft are assigned 
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sequential numbers beginning after the last number assigned a ship. 

This numbering is designed to facilitate the user's recognition of 

units between the graphic displays, the status displays, and the "event" 
displays. 

SHOWFORMS is the procedure that shows the user the different forms 
that will be used in the graphic displays. This procedure first calls 
the procedures in the MAKEFORMS library unit that form the figures, and 
then displays them on a graphic display with appropriate explanation. 
The actual forms are made by activating or deactivating specific bits 


in two dimensional packed arrays of boolean variables. 


D. GENERATING RADAR CONTACTS AND KILLS 

The two procedures AIRADARCNTC and SHIPRADARCNTC along with MAKECNTC 
have several functions. They determine if an attack aircraft has been 
detected by one of the four radar types of the fleet or if it has been 
killed by a missile shot, either surface-to-air or air-to-air. Missile 
firings are done in an "uncoordinated" mode. If a contact is within 
the range and the firing envelope of a friendly unit that unit will 
Fire. SHIPRADARCNTC also determines if one of the attack aircraTt has 
successfully hit a ship with a missile or bomb and whether that ship 
has been sunk. 

MAKECNTC forms a linked list of radar contacts, determining which 
attack aircraft are in radar contact and if more than one type radar 
1S In contact which one will be displayed as having contact. MAKECNTC 
requires six parameters passed to it; 


1) type of contacting radar, 


ii) state of contact, either alive or killed, 
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iii contact Ss X coordinate, 

iv) contact's Y coordinate, 

v) contact's number, 

vi) number of unit holding contact. 

ATRADARCNTC determines the interactions between friendly aircraft 
and attack aircraft. The overall process is to scan the friendly air- 
craft list as an outer loop and for each airborne friendly aircraft 
scan the attack aircraft list. For every combination of airborne 
friendly aircraft and each attack aircraft the ground distance, as 
opposed to slant distance, and the radar horizon are calculated. 
Radar horizon is calculated using; 

rh c= 1.25 * Sart(alt of a/c#1) + Sqrt(alt of a/c#2). 
If the friendly aircraft is an early warning aircraft, then the dis- 
tance between the units is checked. If this distance is less than 
the radar horizon and the maximum AEW radar range, then the procedure 
MAKECNTC is called, utilizing; ‘air search radar’, and ‘contact 1s 
alive’. After return from MAKECNTC, the next attack aircraft on the 
list is checked through this entire process. 

If the friendly aircraft is an interceptor, the distance between 
the units is compared to the air-to-air missile (AAM) maximum range, 
and the radar horizon. If the distance is less than these values, 
the target is within the firing envelope, and the interceptor is 
armed with missiles then a missile is fired. The interceptor's 
missile count is then decremented and a random number is generated 
in the RANDOM procedure of the APPLESTUFF unit of the system. library. 


RANDOM generates a psuedo-random number uniformly distributed between 
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zero and "maxint", the maximum integer represented in the APPLE III. 
If the random number is less than or equal to "“maxint" multiplied by 
the probability of kill for the missile then the attack aircraft is 
declared killed and MAKECNTC is called with; ‘air intercept radar', 
and ‘contact is killed'. If the random number was greater than the 
“mMaxint" multiplied by the missile ‘pk', then MAKECNTC is called with 
the same parameters except that ‘contact is alive’ is used. After 
return from MAKECNTC, the next attack aircraft on the list is checked 
through the process. However, if the last check (distance compared 
to missile maximum range, distance compared to radar horizon, target 
within firing envelope, and number of missiles greater than zero) was 
not true then the distance is compared to the air intercept radar 
maximum range, the radar horizon, and the air intercept radar detection 
envelope. If the distance is within both of these ranges and the 
target is within the detection envelope, then MAKECNTC is called with 
‘air intercept radar', and ‘contact is alive'. If one of these com- 
parisons is not true, then the next attack aircraft on the list is 
checked through the process. The procedure is exited when all aircraft 
have been paired for the comparisons. 

In essence, this process is; check the shortest missile range; if 
within range, check for kill; if not within range, check for next 
longest radar range; if within range, generate contact; and if not 
within range, consider the next aircraft. 

As indicated, SHIPRADARCNTC executes virtually the same process, 
the algorithm is identical, only the complexity is changed. Radar 
Horizon is calculated using: 

Gime 25 4 Sant (alt Of a/c). 
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Ships may differ in their armament, but they are assumed by the program 
to have the same capabilities; short range surface-to-air missiles 
(SRSAM), long range surface-to-air missiles (LRSAM), fire control radar, 
and ship search radar. The SRSAM ranges (minimum and maximum) are 
compared to the distance between the ship and attack aircraft first. 
then LRSAM ranges, then fire control radar, then ship search radar. If 
the test that is true is for SRSAM, LRSAM, or the fire control radar 
then the radar parameter passed to MAKECNTC is 'fire control’ otherwise 
it 1s 'ship search’. If the check was for a missile type then a random 
number 1S generated and a comparison similar to the one explained 
earlier is made. If, 
random number <= maxint * missile pk, 

1s true then ‘contact is killed' is passed to MAKECNTC, otherwise 
‘contact is alive' is passed. 

At this point in SHIPRADARCNTC,it is determined if the attack 
aircraft has come within the range for a bomb drop or within range 
of an air-to-surface (ASM) missile. Range for a bomb drop is checked 
first, then the range for an ASM shot. A successful hit (determined 
by the same method as above) causes the bomb hit total or missile hit 
total to be incremented by one. The total hits on the ship are then 
compared to the hit tolerance for the ship and if the tolerance 1s 
exceeded, the ship is declared sunk. At this point, the next attack 
aircraft on the list is checked through this entire process. The 
procedure 7s exited when all ships have been compared with all attack 


aircraft. 
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MAKECNTC is the procedure that forms the radar contact linked list 
for each time step of the game. This procedure scans the contact 
list comparing each element's X position and Y position with the posi- 
tions passed it by AIRADARCNTC or SHIPRADARCNTC to determine if this 
attack aircraft being passed is already on the list. If it is not on 
the list, then it is put there. If this aircraft is on the list and 
if the contact on the list is dead, then nothing occurs. If the in- 
coming contact is indicated killed, then the incoming parameters 
replace those on the contact list. If the contact on the list is not 
dead already or indicated dead by the incoming parameters, the final 
contacting radar is determined according to the radar hierachy: fire 
control, air intercept, ship search and air search. As an example, 
when a fire control radar and an air intercept radar are in contact 
and the target is alive, then the fire control radar is declared the 
radar in contact, the displays will exhibit the fire control symbol and 
the status report shows fire control as the radar in contact. However, 
if the same radars hold contact and the interceptor had scored a kill, 
then the air intercept radar is used as the radar in contact. If the 
ship and interceptor fired a missile and both indicated a kill, then 
the one placed on the contact list first is used as the unit in contact. 
In this case, it would be the air intercept radar because AIRADARCNTC 


procedure is executed before SHIPRADARCNTC. 


E. DISPLAGAME AND GRAPHICS DISPLAYS 
Figure (5.2) is a general flow diagram for DISPLAGAME. DISPLAGAME 
is the procedure from whicn both the fleet and attack deployment 


displays are called. The first thing done is to call POSITRANSFER, 
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Figure 5.2 DISPLAGAME Flowchart 





which is a procedure to build the two linked lists that the procedures 
SHOWFLEET and SHOWATTACK will use to make the displays. The first list 
is the "flt" list and the second is the "ene" list. Each is a linked 
list of records. Figure (5.3) illustrates these records, which are 
defined in the system. library unit GRAFSTUFF. 

The "fit" list is formed by scanning the ship list and transferring 
the required information, then scanning the “air” list (friendly air- 
craft) and, provided the aircraft is airborne, transferring the required 
information. The "cnt" list (radar contact) is next scanned and the 
information on it 1s transferred. Likewise, the "ene" list is formed 
from the “atk" list (enemy aircraft). These separate lists are needed 
because the coordinate positions are actually changed when a screen is 


recentered, upscaled or downscaled. 


flt = record 
lnk tonites 
what : fltype; 
num = 0..255; 
xpos : real; 
ypos : real; 
end; 


ene = record 
link : enepntr; 
what : enetype; 
Mdies 2 OlL2255; 
xpos : real; 
ypos : real; 
end; 
Variable Meanings: 
link : A pointer variable used in the linked lists. 
what : A program es used to determine what figure 
to use in tne display. 
num : The unit number, assigned in Abagame. 
xpos : The X coordinate position on the screen. 
ypos : The Y coordinate position on the screen. 


Figure 5.3 Display Records 
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The procedures SHOWFLEET and SHOWATTACK do just what their names 
imply. They scan the appropriate list ('flt' or 'ene') and draw the 
correct figure and unit number at the X-Y coordinate position. The 
procedure WHATNEXT is then called and presents a selection menu, con- 
sisting of four choices that are drawn on the graphic force display. 
The user can upscale or downscale the display or recenter on one of the 
figures on the display or he can continue the program.” 

The same menu is provided on both the fleet and attack displays. 

The user 1s presented the fleet display on every time step through the 
game. After he sees this display, he is presented the option of viewing 
the attack display. 

The three procedures SCALEUP, SCALEDOWN, and RECENTER are in the thesis3.- 
library unit GRAFSTUFF. Additionally, this unit defines the records that 
form the "flt" list and "ene" list. The scaling procedures are very 
similar in style and operation. The scale is either doubled or halved 
with each call to the respective procedure. The procedure RECENTER works 
in the following manner. The appropriate list is scanned to find the 
unit on which the display is to be recentered. Then adjustment figures 
for each coordinate plane are calculated that are the distance from the 
screen's center to the unit. Then the list is again scanned and each 


unit's X and Y positions are redefined according to the adjustment figures. 


"This is the inconsistency mentioned earlier. This was done because 
the type ahead buffer of the APPLE III stores key strokes until the com- 
puter can act on them. During a recenter operation, a three digit number 
is allowed. Often though, the recenter is done on a single or double digit 
unit number thus a space or carriage return is required to enter the number. 
If this key is inadvertently held too long, it would cause the screen to re- 
center and then immediately type the space character. With the method used 
elsewhere, this would cause a pace continuation. It was concluded this 
inconsistency was more desirable because it made the program a bit more 
eaoet proof". 
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F. STATUS REPORTS, NEXTEVENTS, NEXTSTEP 

The displays are followed by the menu for selecting the status 
reports of the fleet. These reports show the display number, type of 
unit, coordinate position, position relative to carrier (aircraft and 
radar contacts only), heading of unit, and speed of unit. These 
reports are amplifying information for the displays. 

When the user 1s through reviewing the status reports, he is pre- 
sented the menu for selecting the events he desires to take place in 
the next time step. When a selection is made from the event menu, the 
selection is followed by further questioning to determine what the user 
desires to accomplish. For example, if he chooses to move a fighter, 
he is presented with each airborne fighter and asked if this is the one 
he wishes to move.° If he answers no to each one, he is taken back to 
the menu and no changes are made. If he answers yes for one, he is asked 
to enter the new heading, velocity and altitude he desires for the unit. 
After this, he is presented with the event menu again. He can then make 
another selection or repeat a selection for another aircraft (or ship) 
or quit. The user is able to review the displays and/or the status re- 
ports from this menu. Reviewing the status reports allows the user to 
see the alterations he has made for the next time step. 

When the user is satisfied with his actions and is ready to 


continue, he quits this menu and is Presented the "next step" choices. 





oe. 
This is actually a misnomer. The user alters the headi 
d 
and altitude of a unit and with the next update and di 13 conan 
are "moved" accordingly. Pp Sp ay the units 





He is told the current game time, in minutes, and is asked if he wants 
to stop the program. If he answers no, he is asked to enter the next 
time step increment. The last part of the program loop is the set of 


procedures that update the positions of the fleet and attack. 


Ge GETKILLS, FLTUPDATE, ATKUPDATE 

The final three procedures in the program loop update the linked 
lists for the next loop. GETKILLS serves two functions, it deletes "sunk" 
ships from the ship list and deletes "killed" attack aircraft from the 
attack list. First, it scans the contact list checking for "killed" con- 
tacts. Then for each "killed" contact, it scans the "atk" list looking 
for the aircraft that has matching coordinate positions, and then 
deletes this aircraft from the "atk" list. When the scan of the con- 
tact list is completed and all "killed" attack aircraft are deleted, the 
ship list is then scanned. Each "sunk" ship is then deleted from the 
list. At the completion of GETKILLS, the lists contain only alive 
aircraft and floating ships. 

FLTUPDATE is then called and updates the positions of the fleet 
units. The new ship list is scanned and the library procedure GETNEWXY 
is called for each ship. If the ship is the carrier, then the coordi- 
nate positions are noted for future game reference. The procedure 
then scans the “air list and determines endurance for each airborne 
friendly aircraft. If the aircraft does not have enough endurance to 
last the time step, then it is deleted from the list. If the aircraft 
nas enough endurance, then the endurance time is decremented and the 


aircraft's new coordinate positions are calculated and recorded by 
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GETNEWXY. If the aircraft is not airborne, then the aircraft's coordinate 
positions are set equivalent to the carrier's. 

ATKUPDATE is the last procedure called in the loop of the program. 
ATKUPDATE scans the "atk" list and calculates and records the new coordi- 
nate positions for each attack aircraft. It next implements the attack 
profile. If the game time is greater than the attack retreat time, then 
the list is scanned again and the retreat heading, velocity and altitude 
are placed in the appropriate variables of each aircraft's record. If 
the game time is less than the retreat time, then game time is checked 
against a "look" time. This "look" time is considered to be an intelli- 
gence update time, i.e., after every multiple of this look time increment, 
the attack "gets an intelligence update", which consists of the new head- 
ing to the fleet. When the game time increases beyond these "look" 
intervals, the heading of each attack aircraft is updated. Also, when 
the first attack aircraft gets within 200 nautical miles of the carrier, 
each aircraft's altitude is changed to the "inbound" altitude. Most of 
these "profile variables" are written into the program as constants and 
therefore this "profile" can be changed by changing these constant values. 
Figure (5.4) is a list of the game constants and their meanings. 

When this procedure is completed, the program checks for a user de- 
clared "stop" or a game time greater than the default "endtime’. If 
either is true, the program exits the loop and calls the procedure that 
forms the outfiles of the program. These files are placed on the second 
disk and can be printed using the FILECHCKER program. The files consist 
of information concerning the forces still in “action” when the program 
was halted. If the program is not halted, the game is repeated beginning 


with the check for radar contacts. 
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Figure 5.4 Abagame Program Constants 
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VI. FUTURE DEVELOPMENTS, APPLICATIONS 


A. EXPANSION AND EXTENSIONS 

There are a few areas of the program that could be enhanced to make 
the program more flexible, more realistic, or operate/use memory more 
efficiently. 

Flexibility could be enhanced with the addition of a larger data- 
base or maybe several different default databases. More files could be 
created with several different types of scenarios, e.g., convoys, or 
offensive attacks against an air defense. The scenario of this program 
has much room for expansion. For example, the attack force could be 
altered for: 

i) the azimuth of the attack, 

ii) more or fewer aircraft, 

iii) highly specialized aircraft, 

iv) different formations, 

v) time delays between attack aircraft, etc. 

It would be a trivial matter to change the menus and chaining operations 
of Intro and Startem to allow more databases/scenarios. These changes 
could be instituted as possible classroom projects in a wargaming or 
Simulation course. With the inclusion of these ideas into the program, 
the algorithms certainly would be scrutinized and assuredly enhanced and 
Streamlined, thus enhancing efficiency. The program was developed and 
written with "brute force” algorithms, and therefore lacks algorithmic 


Finesse. More time and a concentrated effort in this direction could 


lend more realism and/or increase the efficiency. 
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Several times throughout the development of this thesis, the problem 
of memory space limitations has occurred. Upgrading the computer to the 
256K configuration would allow a more expanded and realistic solution to 
the presentations. This expansion would allow more drivers in the system 
definition and more memory for the program. The addition of a "printer" 
driver would enable printed output, from tables and lists to a complete 
listing of the default or game database. The program does create "“outfiles" 
that retain information on and the status of the surviving ships and air- 
craft. The textfile/procram FILECHCKER will print these files to a 
printer if the system is coupled to an rs232 port.” Filechcker requires 
compilation and a system configured for a "printer" driver before it can 
be run. 

Another avenue of expansion that could increase the program flexi- 
bility would be the addition of several attack profile (ATKUPDATE) pro- 
cedures. If this were done, the user could be presented with a menu for 
selecting the profile he desires to implement at the start of the 
Abagame program, then based on his selection the appropriate procedure 
would be called when the attacking force's positions are to be updated. 

An enhancement that would require extensive changes to the basic 
Structure, but could add a higher level of realism would be the incorpora- 
tion of an event type structure between the time steps. With this game 


Structure, a more realistic approach to radar detections and missile 


This can be changed simply. Enter the text version of FILECHCKER 
and change the string variable in the rewrite statement from .rs232 to 
.silentype or .printer or the appropriate name of the “printer” device 
driver. 
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firing envelopes and of missile interceptions could be calculated and 
implemented. This would require more elaborate mathematical models. 
Specifically involving missile and aircraft interaction geometries. 

Alternatively, all interactions could be calculated on a very short 
time step structure between the game “review’ times of the user supplied 
time step. This would require less extensive program changes than the 
next event structure and it would help eliminate the occurrence of 


missed interactions because of long time steps. 


Bee APPLICATIONS 

The air battle computer program is not designed to test one's 
knowledge of weapon systems or characteristics; it is helpful in as- 
certaining the effects of tactical employment of various types of 
weapon systems. It illustrates the consequences of decisions and of 
different courses of actions on the many possible interactions between 
adversary units and provides an easily understood display of movements 
and operations of the ships and aircraft. The air battle program is 
most helpful with the timing of the tactical decisions required in an 
air battle. The ephemeral nature of decisions in a tactical situation 
belies the importance these decisions hold on the outcome of a battle. 
The length of time one decision affects the battle is often very short; 
however, the entire outcome of the battle may rest entirely on one of 
these tactical decisions. 

This program cannot be considered a cornucopia of solutions to the 
tactical decision problem areas it presents. It lacks realism in very 
important aspects of unit cnaracteristics and the solution of interaction 


geometries. It provides, however, a learning experience in a recreational 
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environment and an interesting and economical method for exploring 
tactical environment decisions. Repeated use of the program is re- 
quired to appreciate the subtle differences between one manner of tactical 


decision implementation and another. 
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wrile 


’ 


° 
° 


¢ ¢ 


wriblelrns 
= 2; 


enter the SOA 


wiheckveslue (0750) + 
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redcenemys 


sermentro Curt) 3 
Enter tine X coordinate rosition 


writeliss 
enter the Y coordinate rosition 


wribelins 


writelnys 


¢? 


. 


es 


erid > 


8 
é¢ 


=) 


) 


o 
9 


e¢ 


ee 


e¢ 


o¢ 


’ 


ay 


Se 


Sutn erremy gros Frienmdls sircecrart esgrameters? 


we 


‘we 


a 





sus +- Lemrs 
writlelris weileliis wribtlelrs 
PeWSorewny sernmentroa Cor)» 
lersth c= S» 

wiggle ¢’ Erniter tne surface segrch 
eheckvalue (Gr255)5 
sornmng ¢= bLCemrs 
wribleinms writelns 


Soe: 


writlelris 


Conmlinues 


radgr range 


write r¢ Enter tine fire control vader range 


checkvalue (0255) 3 
ferns ¢= bLemr» 


wrilelris wrialelins wribtelris 


wreile Ce Eniber the cumber of Lons Range SAM 


eneckvalue (Gr255) » 

lrsoia t= Lemrs 

weibteir wrilelns writelris 
write enter Lie munmoer of Short 
checkvaliue (07255) 


SVsgin = Leines 


, 
ce 


Range SAM 


wri blelris writelsys wribelris continues, 
wd? { wabir Y 
writs 
PROCEDURE MORESHIFS» 
Wesshyi 
wilit shirpdales” do 
wesgir 

lrinek os- Shaircomep.lrinek » 
Srnrk. = siircomre.ormek +» 
Lrigai e= SNirconmr.elrmin » 
Llrmax 7= shircome.lrmax » 
seman = SILrCOomP.srinin » 
Sines: 7 SILrCOMP.Ssrmax » 
mies o= OF 
OMLes 7= OF 
NewSc reenms 
writein( ” Flease choose 32 ship tyre : %)% 
wrilelris 
wribelrnad “ iy. Destroyer “3 
wribelris 
wits Cem” = + Cruiser >» 
wrilelriys wrilelnmys 
while (7 Tyre 2g rumbers LMOb a 5)" )F 


redi) (S$eiecliorn)s 
serucubro Cor) » 
Wilt ceemO. selection im C°1%s°2’ 3) do 
Lessia 
serncntro (pel > 3 wihitelms 
weple (7 Must be san availlsdle 
resi (selection) » 
eis? { while ve 
ease seleclion of 
“L’ ¢ elaess += destys 
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eno.ce s : 


OFr 


ee 


3 


“o> 


“ao 


oo | eaSG 5 = Corrs 


ers { Cc3Ise + 
nmores.naror 
eyETE < witn } 


wriny y 


PROCEDURE REDOSHIP > 


Procedure FParttwos forwards 
Procedure FParllirers FOrwearsrs 
rrocedure Partfuurs forward? 
rmOCEDGURE SHIFFARA? t SHIFFARA “g3rtorie } 
Weir wialn sniedate” do Dedsn 
PeWSCreerlsy 
wricvelnt(’ The onie’’s X-coordineate rosition s °9KPOoS23431)3 


Lf vchamsert 
Lilell Oedain 


Llerisfbis = 4% 
xRPOS $= readreal (length) » 
wiilelins 
miicsy 
serncntroCotF Ds writelns writelns writelrs 
wrieleln(’ The shie’’s Yrcoordinste rosition > “ssRros.421)3 


Lr Ghenserl 
Lhe Vein 
lenstis t= 43 


YFOsS i= resdrealClensthd s 
wrilelris 
writs y 
ry ¢ with } 
wn celviy witbteliis continues rarbtwor 
rid » ai SHIFFARA vrartone Ds 
PAOGOCEDURE FARTTWO? ¢ SHIFFARA re arttwo Yr 
Westin wilit snmardate” go Dedin 


MEWS Peery 
wrilein(’ The siiue’’s PIM (reosition of intended novement) oe eM + OP 
LT CnNandelrt 
Liren ODesanm 
Ltenatlir ¢= 3» 
checkvalue (09359) 
“lm <- bLemrpy 


ends 
sernentroCort ) 3 wPriteins writelriys writelns 
writelinmd ’ Tne onse’’s attusi SOA (sreed of sdvance?) ; ° $0802.) 3 


Lt CnNoriderct 
bile: Oesin 
Lletisbir c= 2s 
checkvalue (0950)3% 
Sud +- temrys 
rays 
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rid y { wai tii + 


wri bers writlelrms eonbkirues Partthreeys 
e@riudy { SHIPFAKA rarttwo + 
FROCEDURE FARTTHRKEE> { SHAIFFARA Fartthree >} 
Wes wabih Shairdals” do vesdin 


Mewse rwemts 
wribelad’Surface segreh radar maximum rande 
if cChenmsert 

Gilets Desir 


- “sssrma33)3 


lemsibo ss Ss 
Checkveaiue (9025575 
Ssorng += bemrs 
tl» 
sernentrolut Ft)» wribtelriy writelrns writelrns 
wrabtelad’Fire control radggr maxinum range > ‘»sfernss3)3 
L? Citamserl 
Liter vesin 
lenath 3= 33 
checkvalue (O»255)>3 
forma += Lemrs 
ers» 
eriud > =o with > 
wrilelriy wraibtelros conblirnue?s rFartfours 
wreedy { SHIFFARA Partthree >} 
PROCEDURE FARTFOUR + 8 SHIFFARA Partfour Ds 
Wess in witir shiredata™ do begin 
Newse reefs 
wrilelmt’Numoer of lonsd rande surface-to-air missiles > “»slrsame3)» 
Lf ensnsell 
Loen wegin 
lemstin t— S» 
cneckvalue (9»255) 3 
lrsanm = Lempry 
ernss ; 
serpmcnbroaCot Ft) x writeins writelmrs writelrs 
writeli(’Numver of short range surtface-to-gir missiles > “»SrsgeamsS)s 


LF Cheanyell 
Liven Uesin 
lemsbtihy 24 Ss 
eneckvalue (€Ox»255)% 
srean += Lemrs 


writs » 
ity 2 wibi a: 
wrilelry writcediis combine » 
Pd y xe SHIFFARA Partfour > 
ness ria =f ReEDOSHIP ? 
i= OF 
Perealh 
a ae es 
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sSirawrddts” (= shireint 
Sliaecume $= SOAPS. 
ky b6— 4 bthnen 

Lf massenmd 


tle» 
Les 
redomlLoslless 


tnen wilh shiredsts” do 
Ded 
lrinek 83 = SNircome-.irmek » 
srmek 3= SNnixvcome.esrmek » 
lemin ‘= shircome-eirmin + 
ivmdsx ¢= snlrcome.irmax » 
Sriaat ; SNLPCOMP.Srmin » 
Srmgx  %= Snirpcome.srmax 3 
wrisd ¥ ¢ with/if > 
case vshisedala”-cless of 
cv > Kari ¢= “Cearrier’s 
est + kind ¢= “destroyer ’ » 
ersr ¢ kind «= “cruiser » 
wis 
H@Wwsecreens 
if shipdates”.class “> ev 
biner 
wedi 
write ¢7 Do you want to delete ship mumber ‘)>» 
WrLCeIGnhecs os wkKarids 9" >> 
wiiileldms yesnosels 
tsse Selection of 
“Noe Sr’ 68) 6pbesain 
sernenlrolotFf) s writelns writelnms writelnmys 
write (¢° Do you wish to chende “)»s 
writelin<’any of the raramneters?’ )» 
wrileins yesmosel 7 
case selection of 
“Ys “yy § Dedin shirePgra?s Pit (shipdata)s enrindts 
“Nix nm’ 38 eat (shiedata) » 
end» = c3se > 
rus ¥ 
mins y t case Pe 
erg 
else 
Weslm 
wiritleln¢ ’ Du you wisi) Lo cheande any of the egrameters °)»? 
wribediid ’ for silye mumder %»s1°229%, 3 ’skinds’? “> 
wribelime yesmosel » 
vase selection of 
"M's ’r’ 3$ Deddin shirraras, rut (snirpdatads enedy 
wrileirs writelns 
enggeiise? wut (shirdata)d s 
2rd» <x case > 
1g y <q ee > 
dei CoiaPintiled » 


urbil eor (sniPrriutriled » 


Perea L 


GZ 


MewScreerns 
writlelrn( ” 
wepleliis 


Do yow wish 
yesnosel 3 


if selection in C’Y’s’y’%J then Besin moreshiess 

wibilt selection in C°N’%s’%nm’7JI 

rss 9 ¢ REDOSHIP > 

eROCEDURE REDOMISSILESs 

Procedure FPurbbwus forwards 

FPrucedure rarttirees forward? 

FROCEDURE MISSFARAS { MISSPARA Pertone + 
wesiit will) shiecumn= do besin 


NewSscecreenns 
wribleluid “Long 
lt Chander bl 


range SAM rprobsvility of kill 


Liem Destin 
lenmslin c= 43 
Irmek t= readreal(lensth)d»s 
wisi Lelirs 
ends 


sernenbeolCotF) F 

wriblein( “Short 

if chensert 
Lien Mesin 


writelns writelnys writelris 
rande SAM fFrodsdlity of kill 


lensdth <= 43 
sirmek, ~= readreal(lendthd s 
wiribleliys 
wii sy 
ers 9 £ with + 
wrilelis writelms continues rartlwor 
ends £ MISSPARA rPartone > 
PROCEDURE PARTTWO? £ MISSPARA rarttwo + 
Werf ary wiln siharcome do dessin 


NewSsCreenns 
wrrtelnd “Snort 
it CNodtMdere 
Weddin 
lenstlin c= 3» 
cneckvelue (07255) » 
srmiuu us bemey 
rid § 
scriucnubeQg Cott) s wribtelrmnys 
writbelimd “Siturt range missile 
at Chaser l 
Loner Uvedin 
lengstirt t= 3S» 
cneckvelue (07255) 5 
Srnmax <= bLemres 
IR Ien 


range missile minimum tardet distance 


Cheete 


writelros writlelris 
mMaxinun Ceardet distesnce 
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Lo add more shies lo tne dalabdase? 


nas 


Put (shiedatsa) »s 


“ylrmek 3432 


“yormek 3432 


ends 


>» 


d+ 


s ‘’»ssrminm:3) » 


- *°9SsPme: 


“~ 

ee 
Gl 
~~ 
“e 





Pree? : «i wi tin + 


witileliiys writelrys continues rartthree» 
mri y £ MISSFPARA Parttwo > 
PROCEDURE FARTTHREE>s £ MISSFARA Partthree >} 
Lesser wilnA sitsecome do besin 
heweecreenys 
weiteliaid¢ “Lunes rensge missile minimum target distance >; “vsirmins 3) 3 


Lf ehngmserl 
bhamiy Liessare 
lemsyblir += Os 
cneckvalue (Or»255) 3 
lremin 3= temps 


ity 
sermcrnbroCutFt) » writelrs wrilelns writelsmns 
wriblelmn¢ “Lomns rense missile moexlmum target distance > “ylrmax33) » 


Lf creiderl 
biter vwesire 
Lerslin c= Oy» 
cneckvalue (0255) 5 
lrmeas: 2° = Lempys 


eri» 
wid : & with ys 
wiitelinys wraitelisy continues 
wendy C MISSFPARA rartthree >} 
Wes. a6 SEDOMISSILES + 
HewSscreens 
wrabeliad’ Do you wish to charge any of the sips’ ’” aa 
wribeinn ’ surrgace-tor-git missile rPargmeters? “)» 
wribtedlris 
wrilelind ’ These warameters will be eaulvalent for all ships.’ )» 
wriobel@rys writelris yesmosel » 
vcuse selecbligan of 
“7% 3% 2 Vesa mlssPparas missehns «= trues ends 
"Ni 9 ti 3 milssennsa += falses 
ry t case > 
wryeds 9 ¢ REBDOMISSILES > 
Weslis C CHANGEM > 


oe buiigin €° .d2/biresisS.code’ )> 
sebtevel fenuLree)? 
LF Ciwice - “Owrid gill’ 


Ui beet tetslys Ffleebluourids alrerftourlds end 
Clive uf criuice = “build fleet’ 
Liens Pfleetburli 
tive if choice = “buald gir’ 
boner a@1rers Lourlidys 
1d. C CHANGEM + 


ree 





LSowWwoart> aL 
PROGRAM ABAGANE>s 


USES 
ewdrateregilmodgesrtrerisven 
CSuslmed wSl/biesisSs.-lLivot 


A comerarier 


ortLion for decreasing 


irarriLesbutftfs tnesistutf » 
mgkerornsrSr3arstutf svearingdss 


memors 


Wwssse. 


LONST 

it eas a? { The interval tast tne stteck updates 16°s heading. > 
recrbime = 120% { Time of retrest for tne ettack. Dg 
rebrebiodis = Pos { Retlreet needing for tie sttack. > 
rebLrbalbt = 200008 Retrest sltlitude fur the attack. > 
retrtvei = #007 <C€ Retrest velocity for the ettack. > 
Lmbuist = 2OOs { Distenee from carrier to descend for attack. > 
Luvugibt = 2OOs < Iimoound sltitude for stbtack. > 
Gol = 0.5% C Tolersnce for DUMvINS FOSItTION COomParisONns. > 
ie coL = 73 ~ Tolergnce number of Aits 3 shire can take . Be 
reecuv = Ges { Radial distance ground carrier for aircraft recoversys.+} 
bLyueruulb = 160% 


siiieiguybyrsiirgquifile 
sirudcturaglroublfile 
rovroner PNbLreblbwu 
SNLeOGSepy SULeMeNXt 
sirngse si rrnent 


er © @©F C8 6 


silk ude» abkmext 
Cribuuses ciibrext 
Cvxvevy ¢ reals 


+ file of ships 

> file of gircrafts 
Smlprnibes 

Ssaaentiers 

SLrenbtsrys 

aireriterys 


C) 


cnbtenbsrs 


enus.eerKifitsemsd § strinds 
FeCIMMP Lee Ler > 0..23553 
> LOY aber Lili > ovagleans 
svete SCSLexslouksrslLimerendlimner taster ; intevers» 
visgsyersetrrielesyrsenexrleuyrnewcoenter > set of 0O.-35113 
PRUGEDURE SnOWFLe=T  ; forwards 
rAGCEDURE SHOWATTACN 3 forwards 
PAOCENQURE SHIFSTaATUS 5 forwardys 
PROCEDURE Ree eae , forward? 
GREEERHRE AGRSTStHS : Forugrai 
rRGCEBURE AIADELETE ¢( bLinisunm ¢ sirrerniters 
VAR osse ¢ garprnter >» forwards 
rAGCEDURE SHIFPDELETE ( Citasum ° shientrs 
VAR bese 3 snipmitr )» forwards 
LSineluie /Serodfiries/ biresi.sSu. text 


Ms 
4 A compriier 
3 


Listruction to 


~nelude tnirs 


bexbt file when compiling the coderile. 
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< Besistiiiiigs Lext file Thesisi3a. > 


SEGMENT FROCEDURE SHOWFORMS>» 


vesan 
¥retinmode (Uw2eSOrl)s 
sraofiLsory mLSroOring» 3Lrfurmss 
wed 33 “Presented velow gre tie fidures tinat ary 
movebyo (09190) waritowribe CSrxsmselijdvslenstn(insgad) »Or12)s 
mss %-- “will be used im tine grarpnic diselays. ‘s 
movetyu (O»180)3 mnitwrite (Srymsulijslenstin( mss) »Ox12)3 
mos ¢= “The gublugl rusition of Lie unit shown ‘y 
movelu (6%160)3 wmnibtwrite (S3rymssafijJvslensthn(msd) Ox12)% 
mss ¢= “’will ve bie uPprer lett rwoint of fidure. “»s 
movety (0150) >% unitwrite (CSr»msallivlensth( ins) 20x12)» 
Ned os * SHIFS AIRCRAFT ’> 
muvebo €Or120)% wunibtwribe (3rsmsufli»vslenath(insd) rOv12)» 
med s— * FIGHTER AE WW °y 
movebto (O9110)% wunitwrite (CSrymsdlildslenstn(msd) 20x12) > 
moveblo (GP? »idO)+s irawimnsse (shirforms2207095%6) dotat 
moveluo (15f°710073 Srawimedse Cintform »2rO0rO0r10%46) > Hobtsat 
moveblu (2559100) Srgwingsde (Casewform »220r0x21096)% sotat 
msg c= ° RADAR CONTACTS ay 
movebsy €Or70)3 unitwrite (S3r»smsHallijlvylensth(msd) rOrv12)» 
ns ¢= ° AEW FIRE CNTRL AIR INTCPT SHIP SRCH ’3 
muovebtu (Or GOs unitwrite (Srsmssalijrvlensth (msg) rOri2)» 
Nmoveto (14 »40)3 Srawingde (sewrdr »,220%7095%25) > 
movetyu €70 »40)3 drawimade (ferdr vlixOrx209Se5)> 
movetu (1594%40)>3 irawimede (Cairidr »2902029595) 3 
muvebyo (25873055 Seawimnese (ssrir vr2x9OrOrxrSrG)» 
musa ¢= “sress SFACE BAR ty cunbiarinee’ s 
muvebs C3090) 5 luritbwrite (C3»ymsslijdylenath(insa) eO%r12) > 


reg (selection? » 


wrigy { SHOWFORMS 


SEGHENT FROCEDURE POSITRANSFER >; 
Wes iis 

tTlloudgse *- mails 

 siaene cb o= snirusses 

rimewlas «- CIs 

Wille csittenexst <> mil ido 

esas 

liww CF Lorex bd » 
Til briexb 7. «Pos 
Fl bloext” -yeus 
Pluses b™ wram 


= SNLeNe KL .xkRrOS?s 
SNALPNeEKtL” .4rPOS? 
shirnext”.ruzm » 


> 


e 
e 
e 
¢ 
e = 
es 
froewley *= Ffernelsy r Csnienent”.ruzmd > 
‘ 
; 


tibnmexbl” whndt <= vostls 
Fitmext”.Llank ~= Flbrosses 
Tilusse 2+ Fltmextbys 
Shares, o= smairpnext7. Larks 
easy oS while ay 
sirvoesb 2= si rdases 


VW 


C39 as 0005 
(1527100) >» 
(2257100) 





SitleowsgLteie<ce se MLL dd 
es ili 
if (Ce1rnext™.xeus so cvs) ar (airnext™.yvrPos “lo ecvy)) 
bnen Wwerain 
mew (fltmext)s 
fltnexl”.«xrP0os += girnemnt™.xPross 
Fltnext”. yrPos += girnext™”.yross 
Flbtmext7™. niin = glrnext™.riuum >» 
frnreley := froreley + Cairnext”.numds 
Lf airnext”.sctrnd = sew 
Lnen fltnext” whet °*= early 
else fltnext” what *= fistnts 
Ffltnmextl*.link ¢= Ffltbases3 
flloase c= Ffltnextys 


4a 
® 
Sd 
° 
e 
° 


erids, t 1? > 
girnext 2= girnext”. Link.» 
writs y £ while > 


enbnext <= cibloases 
while centnmext <> mil «do 
oedin 

biew (Fl bnext)d s 
Ffltemext™. «ros ¢= cntnext™.xrPposs 
Fitmnext”.yruos += ecntnext”.yros, 
Ffllinext™.num 3= entnext™.mums 
frneley «= frneley + Centnext™.mumis 
ease enbliext” wine of 


agorcit ¢ tlenmext” what ¢= sewents 

ssreon ¢ Fflbtmext” what *= ssent » 

Si > fltnext”.what -= aicnt » 

TCO > fltnext” wnat += feent » 
eI 9 ac Case De 


tlliext”*. Link += filtbeses 
fllLiuase *= rlbtnext> 
ennbnex& *¢= cnbrext”. Links 


ery, 
enevsse@ ~= nils 
abtknext *- sbeoases 


enerPisay i- CJ» 
wnile gbkiext “> mil do 
besiii 
mew Cenmenext) » 
enenext”.iros $= atknexl”.xPpass 
enenext” .yrFos ¢= atknext”.yruss, 
enenext™ mum <= gtknext 7 .num 3 
enerlsy t= euerley + Calknext” .insmd >» 
@nenexe” -wiat ¢= eines 
enenexb7. lank 3 
AHIPGUaISe eanenext», 
3alLenmesb t- gtknexl”. links 
wT ily 


a+ @e @ 
4 


mrt 9 


SEGiENT FROCEDURE WHATNEXT>s 


Dwes hss 


nes .= 


movetyu (Orlidids 


Ulesesgle 7/7 Blownscale 7 RKlecenter “+3 


ubittwrible(Sr»msslitdrvylensth( mss) »Ox»12)3 


noverel (273), 


mms tbwritetSr»msesagllijl»length( msg) »OrL2) 5 


mocae (Ovll); Gobet (Gr»1lS)s 

movelu (O12) 5 lineto (sealeri2)s 
Hulsb (seuleritds dutest (sealer13)s 
meg t= ° == LO NM’ » 

msaq o= CConblraiue Time <¢ °3 


muovetu (098)3 


str CLimersmsy) 


nuve Lu 


C2 


SraPfp,sory 


witale 


mol 


ersgise 


Ssermenbrotved ) » 


ensts 


regis (selection) s 
oelecction if E°G »’e@’ s°U" sw’ s°D’%s’d%9"R’%s’r’]) do 


ease seleuvtiun ut 


oa og 
a» 
“RY » 


SD 
Cas ¢ 
é r’ 


read (selection) s 


unibwrite(Srsmsadllij»ylendtin( mss) »O0x»12)>5 


i 
2202783) wnibwrite(Sremssaliljd»slensta(mss) »Ox12) 5 


> Mesa sc3leuPp, scale += sceale div 2s eri 
> Westar sealedownris scsle += scale * 23 ends 
* wvedin 
sermentro(elr) s sernentrolotFf) » textors 
writelmnys writelns writelns writelns 
writeln¢’ Choose a uwni.t mumber from the last display ”) 
wrateln(’ on which yuu wish to recenter the display. ”) 
wribelrs wribelins 
if atksraf 
bLiren elayvyers *= enerles 
@loe wleyvers += frnreleys 


wribe «” 


lem <~ 33 


Miz 


st be 2 DISPLAYED mumder ; “3 
sernenbro can) sg 


nucenmbl = read 


imt(len)s 


wittle CCrucent < 07 or (mucent > 311)) #£do 
Legh 
scernentro(oel) » writelns 
write (€% Must ve 3 DISPLAYED number - i le 
muceml += resdintdlen)d » 
ends <8 wnile as 
Heweenter ¢= CnucentIs 
witkle not (newecenmter <= elesyvers) do 
Wes. r 
sernentro(ael) s writelns 
write (% Must be 3a DISPLAYED number ¢ Be 7 
mucentl ¢~= readint(lenss 
wilile ({rmecent = 0) or (niucent = Bili)) 40 
vegsin 


sernentro(bel ) s 


writelnrs 
DISPLAYED numoder ; aap ee 


write (7" Must Ue 3 
macemt <= readint(lem)s 
lig y £ wiile De 
newCenber i= CrucentJs 
writss { wonile + 


receivers 


a3 


> “we 


eres? 
werd 3 £ a5e > 


ers 


f} 


SEGHENT FROCEDURE ACFTMOVES» 


Var 
feisdiovelroaibsys ¢ terbesers 


Wiedars 
wreebe ¢€% Enter desired neadingd of gircraft 
len t= 3» Nass 2= ceadantClen)» writelns 
Wwhihie ‘svindss © GOI) do 
Lied gts 
Mit be Lik Head. must ve vVetween 000 and 
wihbie ¢7% chiber devirred treadins “3 
iss FS = resi Cle? » wribtelriy writelris 
ered y t wnrle D 


aihrmexb7.awmbin 3s fdas 


wreietle ce enlver desirelj velucity of gireraft 
iary 2 4 > vel :;= readint (len) > 


whttzle ‘(vel > 2600) doa 
Westin 
sernceckroCoel)» 


writleln?(’ Velocity must be vbetweer 
write (7% Enter desirevy velocity 
vel $= readinbt ler » wribcelris 

wig? { wittle > 


* 


girnextb” velely <= vel,» 


wih ve Gee Eniber estred altitude of gircraft (MUST be 
lert 3= GP gltd t= readintdlen) > 


wiitlLe Call >: 25000) vo 
Vedi 
gsernanbratCbel ) > 


writelin¢ ’ Altitude MUST ve vetween 0 and 25000. 


wrile ¢7’ Enter desired altitude 
gibd += readimbt len) » wriveln? 
ergy = winile af 
airnext”.slil += al tds 
21184 3 
SEGMENT FROCEDURE MOVEAC ( whnelac +: rrnidtyres 
fownet *¢ strings 
Yat 
Hesriisryy $ arbeders 
SUWNas Liam + Leeid»s 
wwii 
girnesb 2+ gLirpeses 3 += Ls 


tt Qwne bt = “Lauinchn’ 
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S$Frif t= readirib ler)» wreitelins writelns 
ray a wiizle ae 
‘silamiexb”.9ud «= SEs 
ria» 


6 
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else makecntc (fconrfalseraxrayrnmrnium) » 
eri 
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Linen makecntc (fconrtrueraxrsayrnmerrium) 
else msakecnte (Ffconrfalsersaxrayrynmernium) + 
eric 
eYelee if CCdist «= ferne) and Caio. =, = ti) 
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rf CCbilntts + mits) >» hittol) 
Lier Sunk c= trues 
3tkinexl ¢= sbhknext”.Links» 


eric » ¢ wnile atkmext Da 
soirtne<lh s= Lirias 
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wei belli ’ Qs: Quit “ys 
writeliy writelns 
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aricvcelin< ~ R + Review the status of forces. a ty 
weibtelny 
wrt ceire< ” Q ; Quit “>> 
wricelirs wribeliiys 
wriLleind ” AfLer sour selection you will be ssked for srecifics ‘)?3 
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JAR 
img § toteders 
3xra¥ 3 reals 
Lieesh lis 
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Sirivrvase «= shipnexts 
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winile mut eof Cairdcata) do 
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